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- ABSTRACT 1
o o
. A

This paper examines the

fg problem of target iocalization
f7 based solely upon bearing informa-

tion obtained by a single platform
over short obgervation times. A
number of Monte Carlo and analyti-
cal techniques for the construction
of statistical distributions of

target ranges are presented and

compared.
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1. INTRODUCTION

If an observer travels in a straight path at a known

constant velocity and observes a statiomary target at two

different exact bearings separated by time t, the range to the
target 1s given by

sin °0

R =V, . t (1.1)
predicted A sin (¢1_ ¢o)

Here V, 1is the velocity of the observer and ¢; and ¢o are

the final and initial observed bearings, respectively. If, on

the other hand, the target moves with velocity V, and each

observed bearing can differ from the actual bearing to the target

by as much as 5, the range to the target could be as great as
[VAsin(oo + 8) + Vs] t

R - (1'2)
max sin(o1 - 00 - 28) ’

or as little as

[V,sin(é, - 8) - V_.] ¢t
R, = A 0 S . (1.3)
sin (01 - 8y + 28)

(see figure 1).




FIG. 1: GEOMETRY OF TWO-BEARING TRIANGULATION
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The actual range to the target depends upon the target motion and
the actual bearing errors; if the bearings are noisy, an
appropriate question is: what 1is the distribution of range,

given the observed bearings?

In this paper, a number of Monte Carlo and analytical

E - techniques for the construction of the range distribution are
- given. Sections 2 and 3 contain descriptions and results of the
j Monte Carlo simulations. Sections 4 and 5 contain analytical
3 results. In section 2 a “random range” simulation is described.

In section 3, a "random bearing” simulation is described. 1In
section 4, a method for approximately calculating the mean and
variance of the range, given the observations, is presented. In
section 5, a method for approximately calculating the distribu-
tion on the range is presented. Section 5 contains a discussion

of the tactical use of the results presented in sections 2 to 4.

2. THE RANDOM RANGE SIMULATION

o,
AT P

3

A Y
K

Description of the Simulation

AT}

This simulation runs for specified values of the observed
initial and final bearings. The actual final bearings are
assumed to be uniformly distributed between +5 and =-§ of the
observed final bearings. The actual initial bearings are assumed
to be within %8 of the observed initial bearings with no

assumption as to the distribution. Final target ranges are

-3=




and the lesser

assumed to be uniformly distributed between Roin
of Rpax Or a specified range bound (hence, the name random
range simulation.) Target motion is assumed to be in a uniformly
random direction at a constant velocity, V.

The simulation begins with the final observed bearing. It
selects a bearing error to determine the actual final bearing,
then selects a final target range, R. It selects the direction
of target motion, then traces motion of target and observaer back-
wards in time to their positions when the initial bearing was
observed. If the actual bearing to the target at this point is
within +8§ or -8 of the observed initial bearing, R 1is
retained as a valid sample. Otherwise, it is discarded. The

procedure is repeated until the desired sample size has been

obtained.

Simulation Results

Assume that the observer 1is an aircraft and the target 1is a
ship. The afircraft ground velocity was 420 kts, the target
velocity 30 kts, and the target range was not allowed to exceed
75 nautical miles. The time between bearing observations ranged
from 30 to 120 seconds in 15 second increments. The initial

observed bearing was 30 degrees in all instances, with bearing

changes ranging from 2 to 10 degrees. Final bearing errors were
assumed to be uniformly distributed up to 1 degree either side of

F’ the observed bearing. One thousand replications were collected

-l
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for each combination of bearing change and time between

bearings. Results of these simulations are shown in and figures

2 through 8.

3. RANDOM BEARING SIMULATION

Description of the Simulation

The simulation described in this section works directly with
the distribution on R, instead of assuming a distribution and
then rejecting trials in which the assumptions are not met.
Assume that the bearing changes are ¢ and ¢,, that the
aircraft and ship speeds are V, and Vg, that the observation
time is t , and that the target moves in the direction a. In
the next section it is shown that the range R to the target
after the second bearing is

VAt sin (00) Vst sin (¢0 - a)

R = - (3.1)
sin (¢1 - ¢o) sin (01 - ¢0)

The simulation proceeds as follows:

~ A

1. Initialize, N=0. Input observed bearings ¢,, 61

2. Select a, where a 1is uniformly distributed on [0, 360°].

-
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TABLE 1

- FRACTION OF TRIALS WITH RANGE GREATER THAN R*

vy

: Vo = 420 kts Vg = 30 kts t = 30 seconds R < 75 n.mf.

‘;_- R Bearing change (degrees)

i (n.mi.) 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
= 10 1.0 1.0 1.0 1.0
= 15 1.0 1.0 1.0 1.0 .986 .969 .896  .801
:EQ 20 1.0 .998  .996 .965 .907 .820 .669  .450 .232
- 25 989  .979  .938  .828  .682 .487  .260 .127  .036
x 30 946  .903  .825 .636 .434 .215 .058 .012 0
‘;; 35 874  .792  .677 .439  .235 .065 .008 0

'if 40 79 .672  .519  .293  .100 .016 0

~ As 669  .528  .416  .184  .049  .001

& 50 546 .429  .309 .128  .010 0

fﬁ 55 413 .329 ,213 .070 0
4 60 301 .227  .131  .036
- 65 .203  .147  .076 .01l
= 70 103 .075  .027  .003
"
33: .1.000 replications per bearing change with ¢g = 30°.
:
-6-
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TABLE 2

PRACTION OF TRIALS WITH RANGE GREATER THAN k*
Vo " 420 kts Vg = 30 kts t = 45 seconds R €< 75 n.mi.

R . Bearing change (degrees)

(n.mi.) 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0 8.0

f S
S 10 1.0 1.0
2 15 1.0 1.0 1.0 1.0 .996 .951
A 20 1.0 1.0 .999 .998  .979  .936  .752  .442
- 25 1.0 .993  .987  .948  .890 .762 .623  .287  .055
N 30 987  .958  .894  .799  .651 .422  .279  .037 )
: 35 .934 .883  .734  .555  .384 .203 .078 0
;ﬁ ' 40- .846 .756 .558  .360 .172 .055 .013
¥ 4S 727 .592 .395 .205 .066 o 0

50 592 444  .266  .097  .016
g ss 431 .296 .171  .047  .003
,; 60 316,191  .089  .016 0
: 6s 174 .115  .044  .001

70 .088 .056 .019 0

.1.000 replications per bearing change with ¢g = 30°.
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S; TABLE 3
FRACTION OF TRIALS WITH RANGE GREATER THAN R* -

:é; Vo = 420 kts Vg = 30 kts t = 60 seconds R < 75 n.mi.
{ R Bearing change (degrees)
X (n.mi.) 4.0 4.5 5.0 5.5 6.0 7.5 8.0 9.5 10.0

5

10 1.0
“ 15 1.0 1.0 1.0 .993
= 20 1.0 1.0 1.0 .992 .951 .813  .582
ﬁ; 25 1.0 1.0 .999  .992  .676 .853 .577  .284  .097
. 30 .997  .991  .953  .902 .798 .521 .186  .027 0
S 35 .960  .933  .823  .662  .492  .199  .026 0
:f- 40 895  .814  .630  .413  ,257  .041 0

45 762 .649  .418  .207  .105  .002

50 610  .475  .260 .103  .035 0
- 55 455 .315 140  .045  .006
':_ 60 309 .186 .071  .009 0
e 65 .187  .094  .028 0
o 70 .077  .036  .008

T L A N T T, A i ARV e e SN I i S e S e i i bt el e e i it g e g
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T .1,000 replications per bearimng change with ¢4 = 30°. ‘
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TABLE 4

FRACTION OF TRIALS WITH RANGE GREATER THAN R*

N ST

"1
Vo = 420 kts Vg = 30 kts t = 75 seconds R < 75 n.mi. [
R Bearing change (degrees) -

.
o

(n.mi.) 4.0 4.5 5.0 5.5 6.0 7.0 8.0 9.0 10.0

5
10
15 1.0 1.0
20 1.0 1.0  .999  .949
25 1.0 1.0 .997 .961  .828  .578
30 1.0 1.0 .998 .982  .903  .689  .424  .125
35 1.0  .996 .985  .942  .904  .642  .336 .102  .002
40 990  .969  .923  .825 713  .335  .091  .004 0
45 947  .885  .799  .652 .480  .124  .014 0
50 .845  .735  .621  .447  .262  .039 O
o 55 699 .568  .427  .270  .132  .002
Ef 60 531 .381  .274  .149  .059 0
;: 65 364 .225  .154  .066  .022
E! 70 181 .090  .056  .029  .002
- i
- »

*1,000 replications per bearing change with ¢4 = 30°.
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f;_ TABLE 5 N
FRACTION OF TRIALS WITH RANGE GREATER THAN r* ;
E
Qi Vo, = 420 kts Vg = 30 kts t = 90 seconds R < 75 n.mi. é
‘ R : Bearing change (degrees) : :
(n.mi.) 5.0 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
: 5
10 .
15 F'
20 1.0 1.0 1.0 1.0
25 1.0 1.0 1.0 «999 «990 +960 +935
30 1.0 1.0 -996 +973 «946 894 «796 +692 572
35 1.0 .988 .968 +930 842 728 +598 440 .307 «203
40 +996 919 .870 .746 .608 423 «273 .153 .075 .028
45 <953 .778 .659 <490 «333 .168 076 .023 .005 0
50 .858 «591 <443 +259 .146 .052 .067 0 0
55 .701 .386 «241 .109 .007 0
60 +516 $227 «110 046 010 0
65 «304 .114 .043 +007 0
70 152 .051 014 0

.1,000 replications per bearing change with ¢g = 30°,
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TABLE 6 -

FRACTION OF TRIALS WITH RANGE GREATER THAN R*

Va " 420 kts Vg = 30 kts t = 105 seconds R < 75 n.mi.

R Bearing change (degrees)
(n.mi.) 5.0 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

5

10

15

20

25 1.0 1.0 1.0 1.0
30 1.0 1.0 1.0 1.0 .995 .980 .937 .892

35 1.0 «999 .998 .983 .957 .875 .822 +686 .630
40 1.0 .993 «975 <945 .892 .796 .633 +515 .350 .283

43 .997 949 897 .801 692 .538 .382 .220 .110 .070

50 .956 .826 .728 617 .461 .294 .150 +055 .012 .000 A
55 .859 .651 .532 .382 <251 .109 .042 .007 0 0 g
60 710 NYY <340 «214 .128 .033 .004 0 a
65 .488 .258 .180 .095 .037 .004 0 ﬁ
70 234 .106 066 .030 004 0 %

'1,000 replications per bearing change with ¢4 = 30°.

-11-




TABLE 7

PRACTION OF TRIALS WITH RANGE GREATER THAN R"

Vo = 420 kts

Vg = 30 kts

t = 120

seconds

R <75 n.ni.

R Bearing change (degrees)

(n.mi.) 5.0 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
5
10
15
20
25 1.0 1.0
30 1.0 1.0 .998 .991
35 1.0 1.0 1.0 988 <965 <935 «945
40 1.0 1.0 979 «977 «953 .896 «825 717 «565
45 1.0 «997 <979 «954 .879 794 +696 = .560 422 252
30 994 .858 <912 +836 <694 «582 435 300 <184 .066
33 +955 .881 778 +659 469 .355 «216 .100 .051 .009
60 857 707 .580 442 «276 .187 .072 .020 003 0
65 684 .486 <357 <260 +137 .082 .018 .002 0
70 372 «236 163 .097 042 024 0 0

*1,000 replications per bearing change with ¢ = 30°.
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RMAX < 75 n.mi.
RMAX < 150 n.mi.

PR. probability that target is within R n.mi. of searcher

Observed bearing change (degrees)

FIG. 2: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp = 420 KTS, V, = 30 KTS, t = 30 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN £1° AND Rpyax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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RMAX < 75 n.mi.

Py
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PR, probability that target is within R n.mi. of searcher

3 4 5 6 7 8

Observed bearing change (degrees)

FIG. 3: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp = 420 KTS, V; = 30 KTS, t = 45 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN 11° AND Rpgax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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FIG. 4: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp = 420 KTS, V; = 30 KTS, t = 60 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN $1° AND Rpgax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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PR. probability that target is within R n.mi. of searcher

4 5 6 7 8 9 10
Observed bearing change (degrees)

FIG. 5: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp, = 420 KTS, V, = 30 KTS, t = 76 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN 11° AND Rpgax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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PR, probability that target is within R n.mi. of searcher

6 6 7 8 9 10
Observed bearing change (degrees)
FI1G. 6: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp, = 420 KTS, V; = 30 KTS, t = 90 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN £1° AND Rpax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°) " ]
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PR. probability that target is within R n.mi. of searcher

1
5 6 7 8 9 10

Observed bearing change (degrees)

FIG. 7: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp = 420 KTS, V; = 30 KTS, t = 106 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN 11° AND Rpax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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PR, probability that target is within R n.mi. of searcher

Observed bearing change (degrees)

FIG. 8: DISTRIBUTION OF TARGET RANGES FOR OBSERVED BEARING CHANGES
WITH Vp = 420 KTS, V, = 30 KTS, t = 120 SECONDS, AND BEARING ERRORS
UNIFORMLY DISTRIBUTED BETWEEN +1° AND Rpgax < 75 n.mi. (1,000
REPLICATIONS PER BEARING CHANGE WITH INITIAL BEARING OF 30°)
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3. Compute real bearings according to o

% = 9% * 8
L U S
here 61 and n, are independently identically distributed

random variables, with a uniform distribution on [-6°,

5°). Here § is a specified angle.

Compute R from equation (3.1).

SN
&~
.

5. Recompute statistics for the distribution on R.

6. N 1is replaced by N+1l; if the new value 1is less than the

cutoff, return to step 2, otherwise exit.

Simulation Results

It 18 worthwhile to consider how the random range and random
bearing simulations differ. In the random bearing simulation,
.- the conditional distribution function for R, given the

observations

1} (3.3)

>

H(r) = Pr{R <r|;o,
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is computed directly. 1In the random range simulation, the 3
[

distribution function on R {8 initially assmed to be uniform .é

on [Roqns ﬁ-ax] (where ﬁmax is either R, .. from equation f;

(1.2) or au artificially imposed cut-off). Then trials that do ;ﬂ

not conform to the assumption that =-1< ¢g - 80 <1 are 91

rejected. The differences in the two procedures should be }:

reflected most in differences in the tails of the range

distridbutions.

Figure 9 shows the results of the two kinds of simulations.
It appears that for most ranges, the R simulation underesti-

mates the closeness of the target.

4. ANALYTICAL RESULTS: MEAN AND VARIANCE OF THE RANGE

FPirst consider the derivation of equation (3.1). The

geometry 1s shown in figure 10, Set S = V,t and d = Vgt.

Applying the law of sines to the small triangle gives

d - Q (4.1)
sin(é, = ¢,) sin(¢, ~ @)

For the large triangle, the law of sines gives

S - QR (4.2)
sin(e;, = ¢y) sin(é,)

-21-

v S e .
s o PP, WS S U Y i WA G G SN, VLI G ey L et ke PR WP P P




Ty B Bhet Baae e fhed Sy e M M i et T e s Shard Mty S St et Juni fhatt lie 8

1.0
Bearing simulation
8
Rmﬁuﬁmwbmh
- 6
\')
i‘: Parameters:
Y Va=420kt ’
Vg =30 kt
t =90 sec
o =30°
2 H
~ ¢, = 36°
N = 1,000 irials ‘
0 L 1 1 |
20 30 40 50 60 70 80 20 100

Range, r

FIG. 9: COMPARISON OF RANGE AND BEARING SIMULATIONS
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FIG. 10: GEOMETRY USED IN DERIVATION OF EQUATION 3.1.
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Solving equations (4.2) and (4.3) for R gives j
S sin(é,) ;
R = 0 - Q '
sin(¢; - 6g) :
.
S sin(¢0) d sin(oo—a) ﬁ
4

=

. P I S
. AR I,
PRI VAT WS WU I 1

&

Now replace ¢ and ¢; with random variables, X and Y. R
is a random variable too. Furthermore, R 1is a nonlinear
function of the random variables X and Y. 1In order to
calculate the mean and variance of R, the following approxi-
mation is used. If f(X,Y¥) 1is any twice differentiable func-
tion, and X = E{X}, ¥ = E{Y}), then a Taylor expansion gives

the approximation

E{£(X, 1)} WE{£(X,T) + £ (x,5) [X-X] + £ (X, D) [¥-¥)

1 s s <.2 = = = s
+ 7 fxx(x,Y) (X-Y]1° + fxy(x,Y) (X-X][Y-Y] (4.4)

+
N =

= = 5.2
£,,X,D (x-117}

a =24~




v -

so that

| ARV

r-
-

E{£(x,0)} m£(X,T) + F[£_ (X,9) var x

-..
Wy
‘7‘
e
.
.
.

(4.5)
+ zfxy(i,?) Cov(X,Y) + fyy(i,?) Var Y=

In the same way one finds that

e(e2x, )} med(X, D)+ (£2(X,D) + £(K, D £ (X,1))] Var x
2 - = - = - =
£ 1 (X, D) + £X,T) £, (R, )] Var ¥
(4.6)

+ 2 [fx(i,§) fy(i,?)

+ £(X,Y) fxy(i,§)1 Cov (X,Y)

In the case of interest here, f£(X,Y)=R=[S sin(X)

- d sin(X-a)]){sin(Y-X)]"!, and assuming Cov(X,Y)=0, the

derivatives of interest are

-25-
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R. = -[s sin(x) -~ d sin(x-a)~ [sin(y-x)~_z cos(y-x)

R = -[s sin(x)-d sin(x~a)~ [-2[s1n (y-x)---"3 cosz(y-x)

Yy

b4

R = 2[S cos(x) - d cos(x-a)w~ [s:l.n(y-x)n-.2

XX

+ 2[s sin(x) - d sin(x-a)~ [si.n(y-x)-«_3

The derivatives (4.7) involve cos(x-a) and

Assuming the

functions of

R = [s cos(x)-d cos(x-a)~ [sin(y-x)=~"

+ [S sin(x) - d sin(x—-a)»~ [sin(y-x)~-2

[sin (y-x)~_1}
(4.7)
1
cos (y-x)
cos(y-x)
coaz(y-x)
sin(x-a).

a~U[wg,w;], table 1 shows the averages of the

interest.
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TABLE 8
Function Yo Y1 Average
cos(x-a) 0 360° 0
sin(x-a) 0 360° 0
cos(x-a) 0 360° 2 sinx/x
sin(x-a) 0 360° -2 cosx/x

Note that 1f a 1is uniformly distributed on [0, 360°], thean the
target motion makes essentially no contribution to the results of
this level of approximation. Using equations (4.5) - (4.7) and
table B, assuming X and Y are independent, and X,Y ~ U[-1°,

1°] 1leads to figures 11,12, and 13. In these figures, the mean
of R 1is plotted against A¢ = ¢;-¢g9 for t = 30, 40, and 50
seconds, with a« ~ U[0,2n], V, = 420 kts, and Vg = 30 kts. The

error bars indicate one standard deviation.

———"
a

The considerable size of the error bars suggests that

-

distributional results are very important, since knowledge of the
mean and variance 1s not sufficient in this case to give accurate

predictions.

L

W § QRN
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5. ANALYTICAL RESULTS: APPROXIMATE CALCULATION OF THE

DISTRIBUTION ON R

Since R 1is a nonlinear function of X and Y, it is
difficult to calculate its distribution exactly. In this
section, an approximate method for the calculation of the
distribution is given. The starting point is equation (4.3)

for R with X and Y replacing 4o and ¢;:

S s8in(X) d sin(X-a)

R = - (5.1)

sin(Y-X) gin(Y-X)

The approximation used here is the small noise approximation, in
wvhich X and Y are replaced by
X=X+ 8
- (5.2)
Y=Y + n

where 6~U[-61,61] and n~U[-n1,n1]

are the deviations from the average, and a Taylor expansion of
(5.1) is used to write R as a linear function of &6 and n.
Such a procedure 1s valid £{f § and 17 are sufficiently small
relative to other terms in the expansion. Although used mainly
for mathematical convenience, if such an approximation 1is not
valid the entire concept of getting useful information from two
noisy bearings may not be valid, since then the noise overrides

the deterministic terms.
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In this approximation

sin(X) W sin(X) + &6 cos(X) = A

1 + A26

gin(X-a) M sin(i-a) + 6 cos(X-a) = C1 + C26
(5.3)
-1 o =, .-1
[sin(Y-X)] M [sin(Y-X)]
cos(?-i)
- — (n-8) = B,~-B,(n-5)
[sin(Y-X)]2 1 "2
Ugsing (5.3) in (5.1) gives
R =R + E§ + Fn (5.4)
where
R = B,(SA, - dC))
P E = B (SA, - dC,) + B,(SA; - dC;) (5.5)

F = Bz(dC1 - SAI)
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The distributional quantity of interest H(r) 1is then
H(r) = Pr{R < r} = Pr{R + E6 + Fn < r} (5.6)

It is easy to show that, for the operational values of
interest, E>0 and F<0. 1In light of the form of R in (5.4),
there are maximum and wminimum possible values of R given by

Roax = R #+ E61 + |F|n1

(5.7)

Rmin = R - E61 + Fnl

Note that R_ .. and Rpyy, still depend upon « through the

coefficients in (5.3) and (5.5).

Define new random variables, U and V by

U = E§ V= |F|n (5.8)
so that

U ~ U[-Ebl, E&ll

- (5.9)
=
U ~ U[+Fn,, = Fn,]
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In the sequel 1t {s helpful to set u; = E§;, vy = |F|n; .

Defining Z = r-R, equation (5.6) becomes

Pr{R < r} = Pe{U - Vv < z} (5.10)

In order to compute (5.10), refer to figure l4. For a
given Z, Fr{U - V < z} 1is the fraction of the area of the
rectangle above the line u - v = Z. There are three cases. Set

21 = uy - V] and Zyg = vy —- uy; then the three cases are
Case I : Z>21

Case II1: Z<22

Case I11: zz<z<zl

In Case 1

1
Pr{U - v < 2} =1 - (u; + v, - 2)? (5.11)
8u1v1
In Case 1I,
1 2
Pr{U - Vv < 2z} = (Z + u; +v)) (5.12)
8u1v1
In Case 1II,
Pr{u - v < z} = 1 - {2v2 4 2v (o= 2 - v} (53
lmlv1
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Figure 15 shows a comparison of the theory developed here
with the range and bearing simulations for the same parameters as

in figure 9. Further comparisons of the theory and bearing

simulation, with the noise uniformly distributed on % .5° or =

+25° showed that the agreement between theory and simulations

was very good.

Further comparisons of the theory and the random range
simulation showed that the predicted minimum values for the
ranges agreed closely, but that the predicted maximum values
disagreed. As an example, for the parameter values in figure 9,
the minimum range by the theory is 34 n.mi. and the minimum range
by the range simulation is 35 n.mi. The maximum ranges, however,
are 86 n.mi. and 117 n.mi. respectively. The cause of the long

tail on the range simulation 1is not known.

TACTICAL IMPLICATIONS AND USES

One tactical use of the techniques described here 1s the
determination of confidence levels on the range to a target.
Referring to figure 16, 1if the observer wished to know that he
was within 60 miles of the target with .9 probability, he would
need to observe a bearing after t seconds that was above the
Pgo = +9 <curve. If the observer wished to know that he was
outside 30 miles of the target with .9 probability, he would
need to observe a bearing after t seconds that was below the

P3po = +1 curve. Finally, if the observer wished to know that he
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was somewhere between 30 and 60 miles from the target with .9
probability, his bearing observation after t seconds would need
to be below the P3p = 1 curve but above the Pgq = .9

curve. This {8 the shaded region shown in the figure.

There may be other applications for this sort of informa-
tion. For any application to be operationally useful it will be
necessary to determine through operational testing the actual
distribution of bearing errors encountered in the bearing

observations.

-39-

R TR,

. F—
g asl. vad L

i S




A ¥ S LR

CNA PROFESSIONAL PAPERS - 1978 TO FPRESENT®

PP 2N
Mizranhl, Maurice M., "On Approximeting the Circular Coverege
Function,® 14 pp., Feb 1978, AD AO34 429

PP 212
Mengel, Marc, "On Singular Cnharacteristic inltlal Value
Problems with Unlque Solution,®™ 20 pp., Jun 1978,
AD AD38 3533

PP 213
Mengel, Marc, “Fiuctustions In Systems with Muitiple Steady
Stotes. Mppiication Yo Lanchester Equations,® 12 ppe,
Feb 78 (Presented st the First Annual MWorkshop on the
informetion Linksge Between Applled Methematics and
Indystry, Navel PG School, Feb 23-25, 1978), A0 AO71 472

PP 214
weinland, Robert G., “A Somewhat Oifferent View of The
Optimal Naval Posture,” 37 ppe, Jun 1978 (Presented at the
1976 Convention of the American Political Sclence Associa~
tion (APSA/IUS Penel on “Changing Strateglc Requirements and
Militery Posture®), Chicego, Iil., September 2, 1976),
A A036 228

P 213
Colle, Russeil C., "Comments on: Principies of information
Retrieval by Menfred Xochen,” 10 pp., Mer 18 (Published as @
Letter to the Editor, Journsl of Documentation, Vol. 31,
No. 4, pages 298-301), December 1975), AD AOS4 426

PP 216
Colle, Russell C., ™.otka's Frequency Olstribution of
" Sclentitic Productivity,® 18 pp., Feb 1978 (Published in the
Journat of the Amsrican Soclety for Information Sclence,
Yol. 28, No. 6, pp. 366-370, November 1977), AD A034 425

P 07
Colle, Russell C., "Blbllometric Studles of Sclentitic
Productivity,® 17 pps, Mer 78 (Presented at the Annual
medting of the Americen Soclety for Information Sclence held
in Sen Frenclisco, Califorale, October 1976), AD AOS4 442

PP 218 - Classitiec

PP 219
Huntzinger, Re LaVer, "Merket Analysis with Ratlonal Expec-
tetlons: Theory end Estimetion,” 60 pp., Apr 78, AD AOS4 422

PP 220
Meurer, Oonald E., "Olsgonsiization by OGroup Metrices,”
26 ppe, Aor 78, D AOB4 443

P 22t
Weinland, Robert G., "Superpower Neve! Diplomecy In the
October 1973 Arsb-isresl! Wer,” 76 pp., Jun 1978 (Published
In Sespower in the Mediterrenesn: Poiltical Utility end
M 1%ery Constraints, The Weshington Papers No. 61, Beweriy
Hilis end London: Sege Publications, 1979) AD A0S 564

PP 222
Mizrahi, Meurice M., “Correspondence Rules end Path
integrals,” 30 pp., Jun 1978 (invited paper presented sf the
CNRS meeting on "Mathematice! Problems In Feynmen's Path
Integrais,” Marselile, Frence, Mey 22-26, 1978) (Pwlished
in Springer Verlag Lecturs Notes In Physics, 106, (1979),
234-253) AD AD3S 336

PP 223
Mengel, Marc, "“Stochastic Mechanics of Nbleculelon Molecule
Raections,” 21 pp., Jun 1978, AD AO%6 227

PP 224
Manger, Marc, “Aggregation, Blturcetion, end Extinction In
Exploited Animal Populations®,® 48 pp., Mer 1978,
AD AO5B 536
*Portions of this work were started st the iInstitute of
Applied Mothematics and Stetistics, Unlversity of &ritish
Columbia, Yencouver, B.C., Canada

PP 225
Manget, Marc, "Osclilstions, Fluctustions, and the Hopt
8lturcation®,® 43 pp., Jun 1978, AD AOS8 537
*Portions of this wrk wre cosmpleted st the Institute of
Applied Mathematics and Stetistics, University of British
Cotumbia, Vancouver, Canada.

PP 226
Ralston, J¢ M. ond Ju W. Mann,® “Temperature end Qurrent
Oependence of Degradetion In Red-Emitting GeP LEDs," 34 pp.,
Jun 1978 (Published In Journal of Appllied Physics, 30, 3630,
May 1979) AD AOSS %38
“8el| Telephone Laboratorlies, Inc.

PP 227
Menge!, Merc, “Uniform Treetwment of Fluctustions &t Critical
Points,™ 50 pp., May 1978, AD AO38 339

PP 228
Mengel, Marc, “Relaxation ot Critical Points: Deterministic
and Stochestic Theory,” 34 pp., Jun 1978, AD ADSS 3540

PP 229
Mangel, Marc, "Olffusion Theory of Resection Retes, i:
Formutation and Elnsteln-Smoiuchowsk! Approximetion,“
50 pp., Jen 1978, AD AOBS 341

PP 230
Mangel, Mare, "Ottfusion Theory of Resction Rates, I
ornstein<Uhienbeck Approximstion,® 34 pp., Feb 1978,
AD AOS8 542

PP 230
Wilson, Desmond P., Jr., "Navai Projection Forces: The Ceve
for s Responsive MAF," Aug 1978, AD AOS4 343

PP 232
Jacobson, Louls, "Cen Policy Changes Be Made Accsptable to
Lebor?® Aug 1978 (Submitted for publicetion In Industriel
ond Labor Relatlons Review), AD AOGI 328

SO Professional Papers with en D nusber mey be obtained fram the Netlonel Technlcal Informetion Service, U.S. Dspertusnt of
Commurce, Springfleld, Virginlia 22151, Other papers are svalisble from the Mensgement (nformation Offlice, Center for MNevel

Anaiyses, 2000 North Besursgard Street, Alexandris, Virginle

22311, An index of Sefected Pwliications Is siso svelisble on

request. The indax includes @ Listing of Protessions) Papers; with sbelracts; 1ssued trom 1969 to June 1981,

-+ B
o -
P T I RNRP

. NI

Cot s
Wt

Py e u)

;

PPN S

i -
s
b

.
. ! .
g

”

'

v

)

'
)

™

s aaa s

’




PP 233
Jacobson, Louls, "An Alternstive Explanstion of the Cycilcel
Pattern of Quits,” 23 pp., Sep 1978

PP 234 - Revised
Jondrow, James and Levy, Robert A., "Does Federasl Expend|-
ture Olsplece Stete and Local Expenditure: The Case of
Construction Grents,® 25 pp., Oct 1979, AD AOS) 3529

P 23
Mizrahi, Maurice M., "The Semiclassical Expansion of the
Anhersonic-Oscllistor Prapegstor,® 41 pp., Oct 1978 (Pub~
Iished In Journal of Methemstical Physics 20 (1979) pp. 044~
833), AD ADGt 338

P 23
Meurer, Donald, "A Mstrix Criterion for Normel Integral
Bases,” 10 pp., Jan 1979 (Published In the |1linols Journal
of Mathematics, Vol. 22 (1978), pp. 672-681

PP 238
Utgotf, Kathieen Classen, “Unemployment insurance and The
Employment Rete,” 20 pp., Oct 1978 (Presented at the Con-
ference on Economic Indicators and Performance: The Current
Dltemme Facing Government snd Business Leaders, presented by
Indiana University Graduste School of Business). AD AO6Y 527

PP 239
Trost, Re P. end Werner, J. T., "The Effects of Militery
Ocoupationsl Tralalng on Clvilien Esrnings: A Incoms
Selectivity Approach,™ 38 pp., Nov 1979, AD AO77 831

PP 240
Povers, Bruce, "Goeals of the Center for Naval Analyses,®
13 ppe, Dec 1978, AD AOG3 759

P 241
Mangel, Marc, “Fluctuations st Chemical [nstedbilities,®
24 ppe, Doc 1978 (Published In Journsl of Chemical Physla.
Yol. 69, No. 8, Oct 13, 1978). D ADS3 787

PP 242
Simpson, Wililam R., "The Anaiysis of Oynmmiceily inter=
octive Systems (Alr Combat by the Nusbers),” 160 pp.,
Dec 1978, 4D AC63 760

PP 243
Slmpson, willlam Re, "A Probebllistic Formulation of Murphy
Oynamics as Applied fo the Analysis of Operstional Research
Problems,” 18 pp., Dec 1978, AD AOG3 761

PP 244

Shorman, Allen and Horowitz, Stenley A., ™Maintenance Qosts
of Compiex Equipment,” 20 pp., Dec 1978 (Puiished By The
Amsricen Soclety of Navel Englneers, Nevel Englneers
Journal, Vol« 91, No. 6, Dec 1979) AD AO71 473

m 243
Simpson, Witilam R., "The Acceleramster Methods of Obtalning
Alroratt Performance from Flight Test Data (Dynasic Per~
formence Testing),” 403 pp., Jun 1979, AD AOTS 226

246
Brechling, Fremk, "Layoffs end Unemployment lasurance,® 35
ppe, Fab 1978 (Presented at the Nber Conference on “Low
Income Labor Markets,” Chicego, Jun 1978), AD AO96 629

”» 2
Thomes, James A., e, "The Trmf Properties of Ollute
Gasss In Applied Flelds,” 183 pp., Mer

1979, AD AOPS 484

PP 249
Glasser, Kenneth S., "A Secretery Problem with & Rendom
Nusber of Cholices,” 23 pp., Mer 1979

PP 2950
Mangel, Merc, "Mode!ling Fluctustions (n Mscroscoplc Sys=-
toms,” 26 pp., Jun 1979

PP 251
Trost, Robert P., *"The Estimation end Interpretstion of
Several Selectivity Wodels,® 37 pp., Jun 1979, AD AOTS D4}

PP 252
Nunn, Meiter R., "Position Finding with Prior Knowiedge of
Coverlance Peramsters,” 3 pp., Jun 1979 (Pwiished In IEEE
Transactions on Asrospece & Electronic Systems, Vol. AES~IS,
Nos 3, Mer 1979

PP 233
Giasser, Kenneth S., “"The d-Cholce Secretary Probiem,”
32 ppe, Jun 1979, AD AOTS 223

PP 254
Mangel, Marc end Quenbeck, Devid B., “integrstion of a
Biveriate Normal Owver en Offset clrclo," 14 ppe, Jun 1979,
AD AO96 4T

PP 259 - Cisssifled, AD BOS! 441L

P 2%
Maurer, Doneld E., "Using Personnel Distribution Models,”
27 ppe, Feb 1980, AD AOB2 218

PP 257
Thaler, R., "Discounting and Fiscel Constraints: Why Dis-
counting is Atways RIght,® 10 pp., Aug 1979, AD AOTS 224

PP 290
Mangel, Merc S. ond Thomes, Jmmes A., Jr., “"Ansiyticel
Methods (n Seerch Theory,” 86 pp., Nov 1979, AD AO77 832

PP 299
Glass, David Vo; Heu, In-Ching; Nunn, Walter R., and Perin,
David A., "A Class of Commitative Merkov Matrices,® 17 ppe,
Nov 1979, AD AO77 833

PP 260
Mengel, Marc S. end Qope, Davis K., "Detection Mate and
Sweep Width ln Visval Seerch,” 14 pg., Nov 1979, AD AOTT 834

PP 261
Vila, Corlos L.; ZviJac, Devid J. and Moss, John, "Froenck-
Condon Twory of Chemical Dynssics. Vie Anguler Dlstribu=-
tions of Reaction Products,” 14 pp., Nov 1979 (Reprinted
from Jowrnsl Chemical Phys. 70012), 13 Jun 1979},
AD AO76 287

e 262
Petersen, Charles Co, "Third worid Militery Elltes In Soviet
Perspective,® 30 pp., Nov 1979, AD AOT7 839

P 263
Robinson, Kathy ., "sing Commrclal Teskers and Contelner-
ships for Nawy Underwesy Replenishment,® 23 pp., Nov 1979,
A AOT7 836

Sa o . o e

0 < N R
WK Y A S U U W .

L3

ata

PPN 3 YW IR




T
.

TP VYTTrY

T

SN ie o -mn e s v e Ba BeR.SaL drb e gre fves Srews geves Tus SR SUEL R

PP 264
Welnland, Robert G,, "The U,S, Navy In the Pacific: Past,
Present, and Glliwmpses of the Future,” 3t pp,, Nov 1979
(Delivered at the Internstionsl Symposium on the Sea,
spoasored by the Internstional Institute for Strategic
Studies, ™e Brookings lastitution snd the Yomlurl Shimbun,
Tokyo, 16-20 Oct 1978) AD A066 837

P 263

Weinlend, Robert G,, "Mer and Pesce In the North: Some
Political impiications of the Changing Mitttary Situation In
Northera Europe,” 18 pp,, Nov 1979 (Prepered for
presentstion to the Conference of the Nordic Balance In
Perspective: The Changing Milltary and Polltical Sltuation,®
Conter for Strategic snd (international Studles, Georgetown
University, Jun 1516, 1978) AD AO77 838

PP 286
Utgoft, Kathy Cilsssen, and Brechling, Frank, "Taxes and
Intiation,™ 25 pp,, Nov 1979, AD AOBI 194

P 267
Trost, Robert P,, and Vogel, Robert C,, "The Response of
State Government Recelpts to Economic Fluctuations and the
Allocation of Counter<Cyciical Revenues Sharing Grants,®
12 pp., Dec 1979 (Reprinted from the Review of Economics and
Statistics, Vol, LXI, No, 3, August 1979)

P 268
Thomason, James S,, "Seaport Dependence ond Inter-State
Cooperation: The Case of Sub-Ssharan Africa,” 141 pp,,
Jan 1980, AD AOB1 193

P 269
Welss, Kenneth G,, "The Soviet Involvement In the Ogaden
war,® 42 pp., Jan 1980 (Presented at the Southern Conference
on Slavic Studles In October, 1979), AD ADS2 219

” 270

Remnek, Richerd, "Soviet Policy In the Horn of Africa: The.

Declislion fo Intervene,” 52 pp,, Jan 1980 (To be published In
*The Saviet Unlon In the Third Worid: Success or Fallure,”
od, by Robert H, Donaldson, Westview Press, Boulder, Co,,
Summer 1960), AD AO8Y 195

e m
McConnell, James, "Soviet and Americen Strateglc Doctrines:
One More Time,” 43 pp,, Jan 1980, AD AO81 192

» 22
Welss, Kenneth G,, "The Azores In Diplomecy end Strategy,
19401945, 46 pp,, Mar 1960, AD AOSS 094

[ ]
Wakada, Wichael K,, "Labor Supply of Wives with Husbends
Eaployed Either Full Time or Pert Time,® 39 pp,, Mer 1980,
AD 082 220

”am
Nunn, Walter R,, "A Result In the Theory of Spliral Search,®
9 #9., Mor 1980

" 273
Goldberg, Lawrence, "Recrulters Advertising end Navy Enllist-
asats,® 34 pp., Mer 1900, AD AOS2 221

Goldberg, Lowrence, "Deisying en Overheul and Snip's Equip~
aent,® 40 pp,, Moy 1960, AD ADSS 093

PO W SRS SR Dy Sy WA NN ST TP EYPRE RSP |

i s 2 oo ana smec 2 T — Eali et

PP 217
Mangel, Marc, “Smaili Fluctuations In Systems with Multiple
Limit Cycles,* 19 pp,, Mar 1980 (Published In SIAM J, Appl,
Math,, Vol. 38, No, 1, Feb 1980) AD AOB6 229

PP 278
Mizraht, Msurice, ™A Targeting Problem: Exact vs, Expected-
Value Approsches,™ 23 pp., Apr 1980, AD A083 096

PP 219
Walt, Stephen M., "Causal Interences and the Use of Force: A
Critique of Force Without Wer,” 50 pp,, Mey 1980,
AD A085 097

PP 280
Goldberg, Lawrence, "Estimation of the Effects of A Ship's
Steaming on the Fallure Rate of Its Equipmeat: An Applice-
tion ot Econometric Anslysis,® 25 pp., Apr 1980, AD AO8S 098

PP 281
Mizrahl, Mourice M,, "Comment on 'Oiscretization Problems of
Functional (ntegrals in Phase Space',® 2 pp,, Mey 1980,
published In “Physical Review D%, Voi, 22 (1960),
D NS4 994

PP 283
Oismukes, Bradford, “Expected Osmend for the U,5, Nevy to
Serve as An Instrument of U.S. Foreign Policy: Thinking
About Politicet end Ml litery Environmenta! Factors,® 30 pp,,
Apr 1980, AD AOBS 099

PP 204
Jo Kellson,® W, Nunn, and U, Sumits,®® *"The Laguerre Trans-
torm,® 119 pp,, May 1960, AD ADSS 100
“The Graduate Schoo! of Mansgement, University of Rochester
and the Center for Nave! Anslyses
#%The Graduate School of Management, University of Rochester

PP 285
Remnek, Richard B,, “Superpower Security Interests in the
Indien Ocean Area,® 26 pp,, Jun 1980, AD AOBT 113

PP 286
Nizrahi, Waurice M., "On the B Approximetion to the
Propagetor for Arblitrary Hemiltonians,® 23 pp., Aug 1960
(Pubitshed In Journal of Math, Pnys,, 22(1) Jen 1981),
AD A0St 307

PP 207
Cope, Devis, "Limlt Cycle Solutions of Reactlion-Oittusion
Equetions,” 35 pp,, Jun 1960, AD ADB7 114

PP 288
Golman, Waiter, ™Oon't Let Your Stides Filp You: A Palnless
Guide to Visuals That Really Ald,* 28 pp,, {(revised
Aug 1982), AD A092 732

P 209
Robinson, Jeck, =Adequete Ctessitication Guidence - A
Solution and & Problem,™ 7 pp,, Aug 1980, AD AO9Y 212

PP 290
Watson, Gregory M., "Eveluation of Computer Software In an
Operations! Environment,” 17 pp., Aug 1960, AD AO9Y 213

PP 291
Maddele, G, S.® end Trost, R, P,, "Soms Extensions of the
Nerlove Press Mode!l,® 17 pp., Oct 1980, AD ADS! 946
*University of Fioride

-

P AP IE TP U TP WA SO WA S W TP TON WAL WP W S WP NS N S




PP 292

Thomas, James A,, Jr., "The Transport Properties of Binary
Gas Mixtures In Applled Magnetic Fields,: 10 pp., Sept 1960
(Pubtished In Journal of Chemical Physlcs 72(10),
15 May 1980

PP 293

Thomas, James A,, jr,, "Evaluation ¢ Kinetic Theory
Coitision integrais Using the Generailzed Phase Shit?t
Approach,® 12 pp,, Sept 1980 (Printed in Journal of Chemical
Physics 72(10), 13 Mey 1980

PP 294

~oberts, Stephen S,, "French Naval Policy Outside of
Europe,™ 30 pp,, Sept 1980 (Presented st the Conference of
the Section on Mititary Studies, International Studies
Assoclation Kisweh Isiand, §,C.), AD AO9t 306

PP 205

Roberts, Stephen S., "An Indicator of Informsl Empire:
Patterns ot U,S, Nevy Cruising on Overseas Statlons, 1869~
1897," 40 pp,, Sept 1980 (Presented at Fourth Naval History
Symposium, US Naval Academy, 26 October 1979, AD AQ9t 316

PP 296

Oismukes, B8radford aend Petersen, Charles C., "™aritime
Factors Affecting lberian Security,” (Factores Meritimos que
Afectan 1a Seguridad Iberica) 14 pp,, Oct 1980, AD AD92 733

PP 297 - Classitled

PP 298

Wizranl, Maurice M,, "A Merkov Approach to Large Misslle
Attacks,” 31 pp,, Jan 1981, AD AQ96, 159

PP 299

Jondrow, Jomes M, and Levy, Robert A,, "Wage Leadership In
Construction, 19 pp,, Jan 1981, AD AO94 797 .

P 300

Jondrow, James and Schmidt, Peter,® "On the Estimetion of
Technicatl Inetficlency In the Stachastic Frontier Praduction
Function Mode!,™ 11 pp,, Jan 1981, AD A096 160

™Michigen State University

PP 301

Jondrow, Jemes M,; Levy, Robert A, and Hughes, Claire,
"Technical Change end Employment In Steel, Autos, Aluminum,
and Iron Ore, 17 pp., Mer 1981, AD AO99 394

PP 302

Jondrow, Jemes M, and Levy, Robert A,, "The Etffect of
Imports on Employment Under Rational Expectations,” 19 pp,,
Apr 1981, AD AQ99 392

PP 303

Thomeson, James, "The Rarest Commodity in the Coming
Resource Wars,” 3 pp,, Aug 1981 (Published In the Washington
Star, Aprii 13, 1981), AD A104 22V

PP 304

Dutty, Michael K,; Greenwood, Michee! J,* and McDowel!l, John
M., " "A Cross-Sections! Model of Annual Interregional
Migration and Employment Growth: Intertemporai Evidence of
Structural Change, 1958=1973,% 51 pp,, Apr 1981, AD A099 393
*University ot Colorado

#%arjzone State University

PP 309

Nunn, Laura H,, "An Introdyction to the Literature of Search
Theory,* 32 pp., Jun 1981, AD A100 420

306
Anger, Thomss E,, *What Good Are Warfsre Modeis?™ 7 po,,
May 1981, AD A100 421

307
Thomason, Jemes, "Oependence, Risk, and Vuleersbiiity,”
43 pp., Jun 1981, AD Al02 698

308
Mizrahl, M.M,, "Correspondence Rules and Path Integrels,”
Jul 1981, Pubiished In "Nuovo Cimento B%, Vol, &1 (1961),
AD A102 699

309
Weinland, Robert G., "An (The?) Explanation of the Soviet
invasion of Atghanistan,” 44 pp,, May 1981, AD A100 422

310

Stanford, Janette M, end Vel Te Wu,® "A Predictive Method
tor Determining Possible Three-dimensionsl Foidings of
lsmunogiobulin Backbones Around Antibody Comdining Sites,”
19 pps, Jun 1981 (Published in J, theor, Blol, (1981) 88,
421-439, AD A100 423

"Northwestern University, Evanston, IL

3

Bowes, Merisnne, Brechiing, Frenk P, R,, end Utgotf,
Kathiesn P, Clessen, "An Eveluefion of Ul Funds,” 13 pp,,
May 1981 (Published In National Commission on Unempioyment
Compensation's Unemployment Compensetion: Studles and
Resesrch, Volume 2, July 19803, AD A100 424

32
Jondrow, James; Bowes, Merlsnne and Levy, Robert, "The
Optimm Speed Limit,” 23 pp,, May 1981, AD A 100 423

313
Roberts, Stephen S,, *“The U,S. Navy In the 19808, 36 pp.,
Jul 1981, AD A 102 696

314

Jehn, Christopher; Horowitz, Stsnley A, and Lockman,
Robert F,, "Examining the Drett Debete,” 20 pp., Jul 1981,
AD A108 192

315
Buck, Ralph Vv,, Capt,, "Le Catastrophe by aeny other
NamB,ee," 4 PP., Jul 1981, AD A102 697

316
Roberts, Stephen S,, "western European and NATO Nevies,
1980," 20 pp., Aug 1981, AD A104 223

317
Roberts, Stephen S,, "Superpower Nava! Crisis Menagement in
the Mediterrsnean,” 33 pp,, Aug 1981, AD A104 222

318
vego, Milen N,, "Yugosievis snd the Soviet Pollcy of Force
In the Med|terranean Since 1961," 187 pp,, Aug 1981




o

r
PP

PP 319 PP 334 _J
Smith, Michael W., "Antialr Wartsre Defense of Ships at Kenny, Lawrence W,, Lee, Lung-Fel, Maddalas, G, S., end Trost
Sea," 46 pp,, Sep 1981 (This talk was delivered at the Neval R, P,, "Returns to College Education: An Investigation of ';"J
wartare System and Technology Conference of the Americea Self-Selection Blas Based on the Project Taleat Oets,* 1% R
institute of Aeronsutics and Astronsutics In Washington on PPe, Jon 1962, (Published In International Econcmic Review, Y
December 12, 1980; In Boston on Jenuary 20, 1981; and In Los Voi, 20, No, 3, October 1979), AD Al12 480 +4
Angeles on June 12, 1981,), AD A106 191 .;%
PP 335 e
PP 320 Lee, Lung~Feli, G.S, Meddale, and R, P, Trost, "Asymptotic *
Trost, R, P,;: Lurle, Philip and Berger, Edward, “A Note oa Coveriance Matrices of Two-Stage Probit end Two-Stage Tobift ""
Estimeting Continuous Time Decislon Modgeis,” 15 pp., Methods for Simulteneous Equations Models with Selectivity,® .‘__4
Sep 1981, AD A106 193 13 pp., Jen 1982, (Pubiished in Econometrice, Voi, 48, Wo, 2 :
Merch, 1980), AD A112 483
PP 3521 -
Outty, Michael K, and Ledmen, Jerry R.,* *The Simultsnecus PP 336 "k
Determination of incoms and Employmsat in Unlited States-- O'Nelll, Thomas, "Wobllity Fuels ftor the Nawy,™ 13 pp,, '_j
Mexico Border Reglon Economies,™ 34 pp,, Sep 1981 Jan 1982, (Accepted ftor publication In Nevel iastitute 3
SAssoclate Protessor of Economics, Arizona State Unlversity, Proceedings), AD A112 311 -—3
Tempe, AZ,, AD A106 540 '.'.4
PP 337 .
PP 322 wWarner, John T, and Goldberg, Matthew S., *The influence of S
warner, John T., "lssues in Navy Manpower Resesrch end Non<Pecunlary Factors on Labor Supply,” 23 pp,, Dec 1981, L
Polley: An Economistt's Perspective,® 66 pp,, Dec 1981, AD A113 094 -
AD At10 221 Ct
PP 339 . ;
PP 323 wiison, Desmond P,, *The Persian Guit end the Netionsl
Bomse, Frederick M,, "Generation of Corrslated Log-Normel Interest,” 11 pp,, Feb 1982, AD Al12 503
Sequences for the Simulation of Clutter Echoes,” 33 pp,, Dec
1981, PP 340
Lurle, Phitip, Troat, R, P,, and Berger, Edwerd, "A Method
P 324 tor Anelyziag Muitiple Spell Ourstlon Qats,” 34 pp., Fed
Horowitz, Stanley A,, ™Quantitying Seapower Readiness,® 1982, AD A112 S04
6 pp., Dec 198t (Published In Defense Management Journal,
Vot, 18, No, 2), AD A 110 220 PP 341
Trost, Robert P, and Voge!, Robert C,, “Prediction with
PP 326 Pooled Cress-Section and Time-Serles Data: Two Case
Roberts, Stephen S,, ™western Europesn and NATO Navies, Studles,™ 6 pp,, Fed 1982, AD A112 303
1983, 27 pp,, Jul 1962, AD A118 703
PP 342
PP 327 Les, Lung-Fel, Maddals, G, S., and Trost, R, P,, "Testing
Hammon, Collin, Capt,, USN and Graham, David R,, Or,, for Structurai Change by D-Methods In Switching Stmuitanecus
"Estimetion and Anslysis of Navy Shipbuilding Program Equations Modeis,” 3 pp,, Feb 1982, AD A112 482
Disryption Costs,™ 12 pp,, Mar 1980, AD A112 514
PP 343
PP 328 Goldberg, Matthew S,, "Projecting the Navy Enlisted Force
Weinland, Robert G,, "Northern Waters: Thelr Strateglc Level," 9 pp., Feb 1982, AD AI12 484
Signiticance,” 27 pp,, Dec 1980, AD Al112 509
PP 344
PP 329 Fletcher, Jean, W,, "™Navy Quaility of Life and Reeniistment,®
Mange!, Marc, "Applled Mathemeticians And Naval! Operators,” 13 pp.. Nov 1981, AD At13 093
40 pp,, Mar 1982 (Revised), AD A116 598
PP 343
PP 330 Utgott, Kathy and Thaler, Dick, "The Economics of Mult! Yeer
Lockmsn, Robert F,, "Alternstive Approsches to Attrition Contracting,” 47 op,, Mer 1982, (Presented at the 1982
Management,” 30 pp,., Jan 1982, AD A112 510 Annual Meeting of the Publlic Choice Soclety, San Antonio,
Toxas, Merch 5-7, 1982), AD Al14 732
PP 331
Roberts, Stephen S,, *Tne Turkish Stralts end the Soviet PP 346
Navy in the Medl|terranesn,” 13 pp,, Mar 1982 (Published In Rostker, Bernard, "Selective Service snd the All=Volunteer
Navy Internations!) Force,” 23 pp,, Mar 1962, AD A113 096
) PP 332 PP 347
n Jehn, Christopher, "The ROF and Amphidlous Wertere,™ 36 pp,, McConnell, Jemes, M,, "A Possible Countertorce Role for the
% Mer 1982, AD A 113 592 Typhoon,* 24 pp,, Mer 1982, AD A1l 601
e PP 333 PP 348
U Lee, Lung-Fel and Trost, Robert P,, “Estimstion of Some Jondrow, Jemes, Trost, Robert, "An Empirical Study of
- Limited Dependent Vverisble Modeis with Application to Production I(netficiency In the Presence of Errors-in-The-
. Housing Demend,” 26 pp,, Jen 1982, (Published in Journe) of Yariables,” 14 pp,, Fed 1982, AD A11) %91
. Econometrics 8 (1978) 357-382), AD A 112 336
.
¥ . -5
).




ey
.

e

130

PP M9
W, W, Oreckenridge, 0. Kim Msimin, "(ollisional Iintra-
muitiplet Relaxation of umso’Po 1.2) by Alkane Wydro-
corbons,® 7 pp., Jul 1981, (Published [n Journal of Chemica!
Physics, 76(4), 13 Feb 1982), AD A113 093

PP 3%
Levin, Marc, "A Method for Incressing the Firepover of
Virginis Class Crulsers,” 10 pp., Apr 1982, (To be published
In U.S, Neval Institute Proceedings), AD A116 602

PP 351
Coutre, S. E.; Stanford, J. M,; Hovls, J, G.; Stevens,
P, W, Wy, T, T,, "Possible Three-Oimensional Backhone
Folding Around Antibody Combining Site of Immunogliobulin
MOPC 167," 18 pp., Apr 1982, (Published In Journa! of
Theoreticel Blology).

PP 392
Barfoot, C. Bernard, "Aggregation of Condlitlional Absorbding
Merkov Chains,” 7 pp,, June 1982 (Presented to the Sixth
Europesn Meeting on Cybernetics and Systems Resesrch, held
at the University of Viennas, Apr 1982.), AD Al116 603

PP 333
Bartoot, C, Bernard, "Some Mathematical Methods for Modeling
the Performence of a Distributed Data Base System," 18 pp,,
June 1982, (Presented to the International Working Con-
terence on Mode! Realism, heid at Bad Honnek, West Germeny,
Apr 1982.), AD A116 604

PP 354
Hall, John V., "why the Short-War Scenario is Wrong for
Naval Planning," 6 pp,, Jun 1982., AD AII8 702

PP 3%
Cylke, Steven; Goldberg, Metthew S,; Hogan, Poeul; Melrs,
Les; "Estimstion of the Personsl Dliscount Rate: Evidence
from Mititary Reentistment Decisions,™ 19 pp., Aor 1982,
D A122 419

P 357
Goldberg, Metthew S,, "Discrimination, Nepotism, and
Long-Run Wage ODitferentiais,® 13 pp,, Sep 1982, (Published
In Quarterily Journsl of Economics, Mey 1982.),

PP 358
Akst, George, "“Eveluating Tactical Commend And Control
Systems--A Three-Tiered Approach,” 12 pp., Sep 1982.,
AD A122 478

PP 339
Quester, Aline; Fietcher, Jesn; Marcus, Alan; "Veteran
Status As A Screening Device: Comment,™ 26 pp,, Aug 1962,
AD A123 658

PP 361
Quanbeck, David 8., ™Msthods for Generating Alrcratt
Trajectories,” 3) pp., Sep 1982,, AD A122 386

PP 362
Horowitz, Stenley A,, "is the Militery Budget Out of
Belance?,” 10 pp., Sep 1982,, AD A122 368

PP 363
Marcus, A, J., "Personnel Sudstitution end MNavy Aviation
Reed Iness,” 35 pp,, Oct 1982,, AD A122 420

PRSI P TP DU UL IRy SNy UHy AP R Sy N PRV S I TP R 1

L SR ok Jerc andt e ek anni e el il Rt A

PP

PP

364
Quester, Allne; Nekada, Michaeli; "The Millitery's Monopsony
Power,” 29 pp,, Oct 1982,, AD A123 837

363
Greer, Wililam L,; BGarthotomew, James C,, Qir,; Pscycho-
logical Aspects of Mine Werfere,” 15 pp., Oct 1982

366

Sprulll, Nency L.; Gestwirth, Joseph L.; "On the Estimation
ot the Correlation Ooetficlent From Grouped Deta,” 9 pp.,
Oct 1982, (Publishad In the Journal of the Amerlicen
Statistical Assoclation, Sep 1982, voi, 77, No., 379, Theory
and Mathods Section,), AD A122 382

368

wWeinland, Robert G., "The Evolution of Soviet Requirements
for Navel Forces--5olving the Problems of the Early 1960s,"
41 pp., Dec 1982, AD A123 638

369
Quester, Aline; Lockman, Robert; *"The All=Voluntesr Force: A
Positive Perspective,” 29 pp,, Nov 1962

370
Rostker, Bernerd D,, "Humen Resource Models: An Overview,*®
17 pp., Nov 1982,, AD A123 656

372
Hurley, Wiltiam J,, "An Overview of Acoustic Anaiysis,®
46 pp., Jan 1983

373

Jacobson, Louls, “Resserch Yo Quantity the Ettect of
Permanent Changs of Station Moves on Wives' Wages and Labor
Supply,” 35 pp., Jan 1983

378
feldmen, Paul, "Privatizing Alrports in Weshington, 0.C.,"
17 pp., Feb, 1983

376
Welss, Kenneth G., "Powsr Grows Out of the Berrel of a
Gunboet: The U.S. In Sino-Soviet Crises,” 136 pp., Dec 1982

379

Jondrow, James M,; Ohese, David E,; Gamble, Christopher L.;
*The Price Ditfterential B8etween Domestic and (mported
Steel,” 17 pp., May 1983,

380
Batls, Elten, "Belancing Accession and Retention: OCost and
Productivity Tradeofts,” 38 pp,, Merch 1963,

381
Reeves, Joha M, L., "ONA's Conceptual Design and Ooat Models
tor High-Speed Surtace Creft,” 23 pp., Apr 1963

382

Levy, Robert A.; Jondrow James M,; "The Adjustwent of
Employment to Technice! OChenge In the Stee!l wnd Auto
Industries,® A0 pp,, May 1983

383
Thomes, James A., Jr; Mangel, Marc,; "Properties of Quick
Look Passive Locallzation,” 39 pp., Mey 1983

;4“;.-“.;1;-_.“._'.; Dtndiotiodhtndhdmedh

*y

[ S ape

A







